Anthocyani synthesis, hair fonmation, and the sth of scorbic acid oxidae are al phytoebrome-mediated reaction ori n the hypocotyl of mutard (Sinais elb L.). An inv tiow conducted into the effects of temperatue on the lght promotion of these three pbotoresponses. Wben given prior to a ight expe there was either no difference between a 20 and 30 C temperatue treatment, or the 30 C trtment reuled in a greater photorespom. When Although temperature strongly affects the rate of phytochrome destruction (2, 9) little attention has been given to the effect of temperature on phytochrome-mediated reactions occurring in whole seedlings. In contrast, the interaction of light and temperature on phytochrome-mediated seed germination has been frequently studied. One of the earliest investigations of this interaction showed that the germination of seven different species of light-requiring seeds was promoted by low temperatures and inhibited at high temperatures (11). Moreover, the optimum temperature for germination was found to be well below that for optimum growth. Scheibe and Lang (7) attributed the germination-promoting effect of low temperature to a slowing of the rate of destruction of Pfr; thus at low temperatures more Pfr would be available to promote germination. This hypothesis that temperature effects on phytochrome-mediated seed germination can be accounted for by the phytochrome system has been questioned (10) and the effects of temperature have been attributed instead to the presence of a thermolabile factor necessary for germination.
Although temperature strongly affects the rate of phytochrome destruction (2, 9) little attention has been given to the effect of temperature on phytochrome-mediated reactions occurring in whole seedlings. In contrast, the interaction of light and temperature on phytochrome-mediated seed germination has been frequently studied. One of the earliest investigations of this interaction showed that the germination of seven different species of light-requiring seeds was promoted by low temperatures and inhibited at high temperatures (11) . Moreover, the optimum temperature for germination was found to be well below that for optimum growth. Scheibe and Lang (7) attributed the germination-promoting effect of low temperature to a slowing of the rate of destruction of Pfr; thus at low temperatures more Pfr would be available to promote germination. This hypothesis that temperature effects on phytochrome-mediated seed germination can be accounted for by the phytochrome system has been questioned (10) and the effects of temperature have been attributed instead to the presence of a thermolabile factor necessary for germination.
In view of the considerable influence that temperature can have on phytochrome-mediated seed germination, an investigation was conducted into the effects of temperature on three different phytochrome-controlled reactions occurring in the hypocotyl of mustard seedlings. The three photoresponses examined were hair formation, anthocyanin and ascorbic acid oxidase 175 (AAOI) synthesis. All three reactions show red/far red reversibility in the classical test for a phytochrome-controlled response, and the phytochrome control of these processes has previously been described in detail (5) .
MATERIALS AND METHODS
Seeds of Sinapis alba L. were germinated on vermiculite in Petri dishes at 25 C in the dark. At specified times seedlings were exposed to white light as previously described (5) and given temperature treatments at 20 or 30 C prior or subsequent to the light exposure before being returned to 25 C. Hair formation was determined by grading seedlings according to a hair index. Anthocyanin was assayed by measuring A at 535 mm. AAO was assayed by following the disappearance of ascorbic acid at 265 mm. All of these assays have been described previously in detail (5) . RESULTS 
AND DISCUSSION
The effect of a 2-or 20-hr treatment at 20 or 30 C given subsequent to a light exposure is shown in Table I . Compared to seedlings not given a temperature change but maintained at 25 C, the lower temperature promoted the photoresponses whereas treatment at 30 C caused inhibition. These results are in general agreement with the effects of temperature on phytochromemediated germination, where low temperature promotes germination and high temperature causes inhibition, and can also be interpreted on the basis that low temperature retards Pfr destruction, whereas a high temperature promotes destruction. The percentage inhibition caused by a 30 C treatment relative to a 20 C treatment following increasing times of light exposure is shown in Figure 1 
Seedlings were grown in darkness at 25 C for 50 hr, followed by exposure to varying periods of light. They were then returned to darkness and given 2 hr or 20 hr at 20 C or 30 C and then returned to 25 C, or held at 25 C throughout. Assays were carried out 30 hr after termination of the light. light, and light is given over a longer time period. Table II shows which of these factors was responsible for diminishing the temperature effect after a long light exposure. Less light (40 min) given as intermittent illuminatiqp pver a longer time period (3 hr) produced higher levels of the measured photoresponses than 60 min continuous light. The enhancement was greater at 30 C than 20 C, consequently the difference between the two temperatures became less. The increased effectiveness of intermittent illumination has been reported frequently in the phytochrome literature. This response has been observed in the phytochrome control of the inhibition of hypocotyl elongation of Cucumis sativus (4) and Sinapis alba (6) , in the inhibition of flowering in chrysanthemum (1) and in plastid movement in the algae Mesotaenium (3) . It seems that the temperature effect reported here may be another example where an increased duration of light, rather than an increase in the total amount of light given is more critical in determining the extent of the photoresponses.
Hairs
An investigation was made into the effects of giving a temperature treatment prior to a light exposure (Table III) . Seedlings given 20 hr or 2 hr at 20 or 30 C prior to a light exposure showed either no difference between the two temperatures or a slightly greater phytochrome response at 30 C compared to 20 C. Thus any differences seen in temperature treatments prior to light are the opposite of a similar treatment given subsequent to a light exposure, and similar to those normally associated with any metabolic reaction, i.e. the reaction proceeds faster at a higher temperature.
In a previous study of the three photoresponses examined here (5), three independent observations suggested that the phytochrome induction of anthocyanin synthesis might require the presence of Pfr for a longer time than the induction of the other two photoresponses. This suggestion receives further support from the results of the temperature experiments reported here. Figure 1 shows that anthocyanin synthesis was more strongly affected by temperature than was hair formation or AAO synthesis. Since the influence of temperature may be attributed to an effect on the pool size of Pfr, anthocyanin synthesis is apparently more dependent on the availability of Pfr than are the other two photoresponses. This result can also be explained on the basis that the induction of anthocyanin synthesis may require Pfr for a longer period of time than does the induction of hair formation or AAO synthesis.
In wheat seedlings a low temperature enhancement of phytochrome-mediated leaf unfolding and protochlorophyll synthesis has been described (8 
